Abstract. In recent years, there have been a number of interests on the Palm Oil (PO) and Coconut Oil (CO) as a potential alternative dielectric insulating fluid in transformers which stimulate different types of studies on these oils properties. Among the important studies is the lightning impulse properties. This paper presents the investigation on the lightning impulse breakdown voltage of PO and CO under non-uniform electric field. The PO used in this study is Refined, Bleached and Deodorized Palm Oil (RBDPO) Olein type. The influence of the testing methods, rising-voltage and up-and-down are investigated at 2 gap distances for both oils. It was found that the lightning breakdown voltage performance for some of the RBDPO and CO are comparable to MO.
Introduction
Due to the increasing tight regulation on environment and safety, biodegradable oils are considered as a potential alternative for Mineral Oil (MO) which is the conventional dielectric insulating fluid because of their high fire and flash points, non-toxic and environment friendly. The most common biodegradable oil that had been investigated previously is the ester-based oil. A number of studies had been carried out on different aspects of ester-based oils [1] [2] [3] .
Apart from ester-based oils, Palm Oil (PO) and Coconut Oil (CO) are another type of biodegradable oil that currently considered for transformers dielectric insulation. PO can be obtained by processing the palm nut which consists of hard seed known as kernel. Kernel is covered by a shell named endocarp and surrounded by the flush husk called mesocarp [4] . Crude Palm Oil (CPO) can be extracted from mesocarp while Palm Kernel Oil (PKO) can be obtained from the kernel of the palm nut. Refined, Bleached and Deodorized Palm Oil (RBDPO) can be obtained through further refinement of the CPO [5] . RBDPO Olein is extracted through the fractionation process from RBDPO. PKO can be further synthesized to become PKO Alkyl Ester [6] . On the other hand, CO can be extracted from the kernel of a matured coconut from a coconut palm. Among the common type of CO considered for the transformers application is neutralized, bleached and deodorized CO and it has been successfully applied in-service for sealed type transformers [7, 8] . One of the important characteristics for dielectric insulating fluid is the transient impulse voltage such as lightning and switching impulses. A number of studies were carried out previously to investigate the behaviors of biodegradable oil under both quasi-uniform and non-uniform fields for lightning and switching impulses [9] [10] [11] . At the moment, there is still less information can be obtained on the lightning impulse performance of PO and CO.
In this paper, the experimental results of lightning impulse tests carried out on PO, CO and MO under non-uniform electric field for two different gap distances are presented. The influences of the testing methods; rising-voltage and up-and-down on the lightning breakdown voltages of these oils are also examined.
Experimental Description
Test Samples.
Three samples of PO and one sample of both CO and MO were investigated in this study. The PO used for the study is RBDPO Olein type. All samples are obtained from readily available cooking oil products in the market. The characteristics of these oils are shown in Table 1 . All RBDPO samples have almost the same composition of saturated, poly-unsaturated and mono-unsaturated fats. The main differences are on the Vitamin A and E contents where RBDPOA has the highest vitamin E follow by RBDPOB and RBDPOC. Only RBDPOC has vitamin A while CO does not have both types of vitamins and mainly consists of saturated fat. All samples were first filtered through a membrane filter with a pore size of 0.2 µm. Next, the filtered samples were dried in an air circulating oven at 85 ºC for 48 hours. The samples were rested for further 24 hours at ambient temperature before tested for lightning impulse.
Test Methods for Lightning Breakdown Voltage.
A TERCO 2-stage impulse generator with a maximum charging voltage of 280 kV was used to provide 1.2/50 µs standard lightning impulse. A cylindrical transparent Perspex test cell with a volume of about 300 mL was used according to IEC 60897 as shown in Fig. 2 [12] . Copper needle-sphere electrodes with needle tip radius of curvature 200 µm and sphere electrode of diameter 12.7 mm were used to provide the non-uniform field at the gap distances of 3.8 mm and 6.0 mm. Negative lightning impulse voltages was used in this study. A current limit resistor (2.4 kΩ) was added in the circuit to limit the breakdown arc in order to protect samples and electrodes. Fig. 1 . Test configuration for lightning impulse.
Rising-Voltage Method.
For one single test, a constant rate of voltage is increased from an initial voltage level until the breakdown occurs [13] . At the gap distance of 3.8 mm, the initial voltage level was set at 40 kV while
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Electrical Power Engineering and Sustainable Development of Industry at the gap distance of 6.0 mm, the initial voltage was set at 50 kV. The voltage was increase at 5 kV per step until a breakdown occurs. The time interval was fixed to 60 seconds between each breakdown. In total, 15 breakdowns were recorded for each of the samples at 1 shot per step increasing rate without changing the electrodes and samples.
Up-and-Down Method.
Firstly, an initial voltage is raised in steps at fixed amplitude, ∆U at which certainty no breakdown would occurs, until the first breakdown occurs. Next, the voltage is reduced by the same step ∆U until breakdown does not occur. Next, the test voltage is raised again until the next breakdown occurs and the previous procedure is repeated [13, 14] . After a significant number of applied voltage were obtained, the mean value of these voltages itself provides a prior estimate of the 50% breakdown voltage [14] . In this study, the initial voltage level was set to 40 kV for the gap distances of 3.8 mm and 50 kV for the gap distance of 6.0 mm.
Step voltages was fixed to 5 kV with a time interval of 60 seconds between each breakdown. In total, 30 shots were applied for each of samples in each set of testing.
Result And Data Analysis
Rising-Voltage Method.
MO has the highest breakdown voltage for the gap distances of 3.8 mm and 6.0 mm with values of 59 kV and 73.3 kV respectively as shown in Fig. 2 . For biodegradable oil, at the gap distance of 3.8 mm, the highest breakdown voltage is RBDPOC followed by CO, RBDPOA and RBDPOB with values of 58 kV, 56 kV, 55.3 kV and 55 kV. On the other hand, at the gap distance of 6.0 mm, CO has the highest breakdown voltage followed by RBDPOA, RBDPOC and RBDPOB with values of 67 kV, 64.3 kV, 63.7 kV and 62 kV respectively. Taking MO as a benchmark, it was found that at gap distance of 3.8 mm, all samples have closer breakdown voltage to MO where the percentage of difference is within 7%. While at the gap distance of 6.0 mm, the percentage of difference is slightly high where it can go up to 15%. 
Up-and-down Method.
The breakdown voltage pattern based on up-and-down method of all samples for the gap distances of 3.8 mm and 6.0 mm can be seen in Fig. 3 . It is observed that for both gap distances, all samples have different patterns. Similar as rising-voltage method, the highest 50% breakdown voltage is MO for both gap distances of 3.8 mm and 6.0 mm with a value of 57.5 kV and 68.9 kV respectively as shown in Fig. 4 . For biodegradable oil, at the gap distance of 3.8 mm, the highest breakdown voltage is RBDPOA followed by RBDPOB, RBDPOC and CO with values of 54.6 kV, 53.9 kV, 53.2 kV and 51.8 kV respectively. On the other hand, for the gap distance of 6.0 mm, CO has the highest breakdown voltage followed by RBDPOA, RBDPOC and RBDPOB with values of 65.7 kV, 62.9 kV, 61.1 kV and 59.6 kV. 
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Conclusion
Both RBDPO and CO show slightly lower lightning breakdown voltage than MO for both testing methods. At the gap distance of 3.8 mm, the percentage of difference between RBDPO/CO and MO is 
